Background: Problem-based learning (PBL) is one of the most commonly used educational methods in medical schools of different countries. By working through this method, students think critically, generate ideas, and acquire the knowledge and skills required to become a doctor. Objectives: This study aimed to compare problem-based learning with lecture-based learning in the education of medical students. Materials and Methods: This crossover interventional study was conducted on 40 medical students in pediatric ward of Zanjan University of Medical Sciences. All of the students were enrolled in the study and divided into two groups by simple randomization. Then two topics in pediatric courses were chosen. One of the topics was presented as LBL for the first group and as PBL for the second group. The other topic was presented as PBL for the first group and as LBL for the second group. Results: The median score of the exam was higher in the intervention group compare to the control group for both topics. However, the difference was not statistically significant. Students preferred problem-based learning over lecture-based learning because of motivation boost, a higher quality of education, knowledge retention, class attractiveness, and practical use. Conclusions: Students' knowledge was similar in both methods.
Background
Problem-based learning (PBL) is one of the most commonly used educational methods in medical schools. In this method, students use scenarios to define their own learning objectives. The success of PBL depends on the quality of the scenarios (1) . Presenting clinical problems is the starting point for learning in PBL. By working through these problems, students think critically about the nature of the problem, generate ideas, and acquire the knowledge and skills required to become a doctor (2) . It seems that students will have a better knowledge retention with this method (1) , and PBL increases indepth training, and helps students to perform better in examinations (3) . Although supporters of PBL state that learning motivation is one of the benefits of this method, some mention that it is time-consuming and does not provide a better clinical competence (4) . In LBL method, students solely receive information from the lecturer and attempt to memorize the content instead of understanding the concepts and using them. Therefore, at the patient's bedside, they unconsciously and merely satisfy themselves with the routine work, deal passively with new situations, and make no effort toward thinking and innovation to diagnose and meet the existing requirements (5) . Many studies were conducted to compare PBL with the traditional LBL. With respect to acquiring knowledge, investigations showed different results. In some studies, PBL did not show any preference over LBL on the trainees' knowledge (6) (7) (8) (9) (10) (11) . On the other hand; many studies showed that students got better scores in PBL method (3, (12) (13) (14) (15) .
Objectives
To clarify the impact of new teaching methods on our students' knowledge and evaluate their satisfaction, we conducted the present study to compare PBL with LBL in Zanjan University of Medical Sciences.
Materials and Methods
In this crossover study, all fifth-year medical students (40), who introduced to the pediatric ward of Zanjan University of Medical Sciences from October 2010 to March 2011, were enrolled. They were divided into two groups by simple randomization. The first group was trained in pediatric ward in Ayatollah Moussavi Hospital (group A), and the second group (group B) was introduced to the clinics and emergency room. Six weeks later, the groups exchanged their training center.
Two common pediatric topics, which are not taught in pediatric theory classes or at the patient's bedside, were chosen (syncope and speech delay). For the first group of students (A), the "syncope" topic (a) was taught as lecture by the researcher in the pediatric ward. The second group of students (B) learned the same topic (a) in clinics with PBL method. After 6 weeks, the , "speech delay" topic (b), was presented by PBL method to the first group (A), and the same topic (b) was taught as lecture for the second group (B). Both lectures were presented by the same lecturer.
Study design based on educational goals was determined by the consultation of three pediatricians. For the intervention group referred to clinics; the selected problem was expressed, and the scenario was prepared by trainers. Teaching methods, goals and the learning needs of the students were mentioned, and the group was referred to the sources of information without any limitation. At the beginning of each session, case documents, including patient complaints, presenting illness, and sample questions about the etiology, diagnosis, paraclinical tests and treatment were given to the students.
At the next meetings, the group presented their solutions and the students discussed and debated various aspects of the case. After some discussion, paraclinical documents such as ECG, X-ray, lab results, and patients' photographs (if required) were presented to the students. The students discussed the problem and explained its causes, differential diagnosis and their approach to the problem.
Finally, they created a diagnostic algorithm. A sense of competition and also cooperation was created and reinforced among students. The role of the tutor was to facilitate the training process. Each group wrote their solutions and in each session, one member of each group was chosen to present the response of the group. The students discussed the solutions, and the best answers were emphasized.
At the end of the pediatric courses, and after the completion of PBL in both groups, an exam was taken to evaluate the students' knowledge, and then a satisfaction questionnaire was completed by the students. The exam tests consisted of 10 questions; each subject had almost five similar questions. In each topic, two questions were asked with the first taxonomy, two questions with the second taxonomy, and one question with the third taxonomy. The total score in each topic was 5.
The satisfaction questionnaire assessed and compared students' opinions about PBL and LBL in the fields of learning quality, knowledge retention, practical usefulness, class attractiveness, answering to exams, motivation to study, and students' preferences. The validity of the questionnaire was assessed in the previous studies (16) . Furthermore, the validity of the exam questions was ascertained by the content validity determined by experts and pediatric academics' opinions. After data collection, the statistical analysis was performed by Mann-Whitney U test using SPSS 16.0 software. Differences were considered to be statistically significant if the P value was less than 0.05. This study has been approved by the ethics committee of Zanjan University of Medical Sciences (901372).
Results
Forty students (25 females, 62.5% and 15 males, 37.5%) entered into this study during a 6-month period. After performing the crossover trial in both subjects (syncope and speech delay), two tests with different questions, but quite similar in structure were held at the end. In the intervention group (PBL) for "syncope", the range of scores was between 2 and 5. The median score was 3.5 (3 -4) . In the control group in which "syncope" was presented by LBL, the highest score was 5, and the lowest one was zero. The median score of students in this group was 3 (2 -4). Although the lowest score in the control group was less than the lowest one in the intervention group, the median score was not statistically different between two groups (P = 0.5).
Regarding the intervention group who attended "speech delay" as PBL, the range of scores was between 1 and 5. The median score of students in this group was 3 (2 -4). In the control group in which "speech delay" was pre sented as LBL, the highest score was 5, and the lowest was zero. The median score of students in the control group was 4 (3 -4). Likewise, although the lowest score in the control group was less than the lowest in the intervention group, the median difference between two groups was not significant (P = 0.7). Table 1 shows the median scores in the control and intervention groups in both topics. The students' scores in each group have been shown in Figures 1 and Figures 2. A total of 25 students filled out a questionnaire about their satisfaction regarding PBL and LBL. The results have been shown in Table 2 .
Discussion
In the present study, students preferred PBL because of motivation boost, quality learning, knowledge retention, class attractiveness, and practical usefulness of contents. However, in the case of answering the exam questions, lecture method was considered more effective, presumably because of the speaker's emphasis on teaching key points.
In our study, we did not find a significant difference in students' scores between control and intervention groups for both topics (syncope and speech delay); however, the minimum score in the control group was lower. Considering the design of our study (crossover trial), the factors affecting student scores such as individual characteristics, IQ, memory, and motivation have been largely eliminated. Furthermore, given that the tutor of intervention group and the speaker on both topics has been the same person, confounding factors related to the lecturer, such as knowledge, manner of expression, art of teaching, and emphasizing key points, have been omitted. Besides, topics were selected from the subjects that were not taught by any other teacher in theory classes or at the patient's bedside to reduce the effect of confounding factors.
The students were periodically introduced to the clinics every six weeks. First, it seemed that the last group of the students, who held PBL sessions in the upcoming weeks to exams, should be more prepared to answer the exam questions, and we could not find a solution to prevent that preparedness. However, we were surprised to find out that the results of their exams did not differ much.
With respect to the knowledge, investigations have yielded different results. Smits PB conducted a study in a postgraduate medical training program concerning the management of mental health problems for occupational health physicians in The Netherlands. He showed that in both PBL and LBL groups, knowledge had equally increased right after the programs and decreased equally after the follow-up. He concluded that problembased program appeared to be more effective than the lecture-based program in improving performance. Both programs, however, were equally effective in improving knowledge levels (6) .
In a study on 52 graduated anesthesiologists, attended in Professional and Continuing Education courses in the topic of air embolism, carried on by Carrero, PBL was compared with LBL. The knowledge of participants was assessed before and after the intervention; no significant differences were observed in the area of immediate knowledge before and after the intervention (7) . The study of Goodyear on 14 senior house officers in Birmingham showed that, learning outcomes were similar in PBL and LBL (8) . Khan conducted a study on fourth-and fifthyear medical students in Pakistan, to compare the effect of PBL versus LBL on the knowledge and attitude of students. He found that both groups demonstrated a similar level of knowledge (9) .
Johnston in Hong Kong, undertook a randomized-controlled trial to compare PBL with LBL, and concluded that PBL was less effective at imparting knowledge than customary LBL (10) . The study of Choi on 90 Korean nursing students to compare PBL with LBL revealed that learning outcomes of problem based learning were not statistically different from LBL, although students in PBL group showed improved abilities in problem solving, self-directed learning and critical thinking (11) . On the other hand, McParland et al. compared PBL with LBL in the field of psychiatry in England. He concluded that performance of the students holding PBL was better in both multiplechoice questions and the viva. But there were no differences between the two methods in the learning style and attitude of students (3). In the study of Tack on dental students in The Netherlands, students' knowledge turned out to be higher in the topic chosen for PBL (12) . In a study conducted by Lin in Taiwan on nursing students, the group who received PBL as the training method showed more satisfaction, critical thinking and self-motivated learning. And it was shown that PBL training was more effective than conventional teaching (13) .
In the study of Moreno Lopez, who carried out on dental students in Bologna, PBL participants obtained higher scores compared with the LBL group. PBL participants spent more time on group work and literature analysis (14) . The results of the study of Anyaehie in Nigeria indicated that PBL increased students' attendance, participation in classes and performance in examination (15) . Hwang in an investigation to compare PBL with LBL in cardiorespiratory section of nursing courses in Chicago determined that the level of knowledge in the PBL group was significantly higher than that of students in the LBL group (17) . Meo assessed knowledge and skills of undergraduate medical students in a respiratory physiology course and concluded that students in PBL group obtained significantly higher scores compared to LBL approach (18) .
Considering students' satisfaction, many studies showed that students prefer PBL (5, 12, 17, 19, 20) . However, in the investigation of Smits, the PBL group was less satisfied with the course. This was the only study that we found with a different conclusion on students' satisfaction (6) .
Certainly, several studies have been conducted to compare the two methods, which had different results. This could be due to the fact that the intervention and control groups, as well as the lecturer and tutor, were not identical. Or the way to carry out the problem-based learning method and the interval time to the exam were different.
The advantage of this study was its crossover design, which could prevent intersubject variability. For a more accurate comparison of these two methods with regard to knowledge retention, further studies are recommended.
